Abstract: Background: People with Parkinson's often move the trunk in a more inphase pattern with reduced range of motion. No studies to date have assessed changes to trunk coordination after a dance intervention. The present study aimed to determine the effect of weekly ballet classes on trunk coordination and range of motion during gait for people with Parkinson's. Methods: The study follows a non-randomized, controlled project evaluation design. Two inertial sensors were used to record angular displacement of the pelvis and thorax during a 10 m walk for 19 experimental participants and 13 control participants. Coordination was assessed using cross-correlation of the angular displacement of the two body regions. Results: No significant changes in trunk coordination and range of motion were found across time for both dancing and control groups (p > 0.01). There were also no significant differences between groups on all measures at different time intervals (p > 0.01). Conclusions: The present study did not demonstrate significant effects of a weekly ballet class on trunk coordination and range of motion during gait for people with Ashley McGill
PUBLIC INTEREST STATEMENT
People with Parkinson's are at risk of falling due to instability and dysfunctional gait patterns. Rigidity in the trunk may cause those with Parkinson's to walk with reduced axial rotation. The present study looked at the effects of a weekly ballet class on trunk coordination and range of motion for this group of people. Ballet places a strong emphasis on whole-body coordination and incorporates many functional movements including rotation in trunk. While research suggests that these movements are useful tools in rehabilitation, the present study found no significant changes across time or between groups. It is possible that the participants were not carrying out these movements often enough and with an appropriate amount of overload to induce the physical changes. Future research should continue to assess potential changes in trunk coordination with increased ballet class frequency, and the impact these changes may have on activities of daily living.
Parkinson's. There is a need to determine optimal dance class frequency and appropriate levels of overload to allow for potential physiological improvements.
Introduction
Recent studies have evidenced the effect of instability and dysfunctional gait patterns on fall risk for people living with Parkinson's (Hausdorff, 2009) . Characteristic features of Parkinsonian gait include a smaller step and stride length, increased double support time, increased cadence, decreased walking velocity, and instability with greater step and stride variability. Individuals tend to walk with a flexed posture and demonstrate a reduced or absent arm swing with rigidity in trunk movements (Hackney, Kantorovich, & Earhart, 2007; Morris, Iansek, Matyas, & Summers, 1994; Pedersen, Oberg, Larsson, & Lindval, 1997; Van Emmerick, Wagenaar, Winogrodzka, & Wolters, 1999) . This along with the fact that people with Parkinson's often find they have decreased clearance of the swinging leg from the floor can put them at risk of falling during dynamic situations (Hackney et al., 2007; Hausdorff, 2009 ).
The array of difficulties that people may face with their gait can have a detrimental impact on functional mobility and thus participation in everyday activities. Although medications are available to help people cope better with their symptoms, research suggests that these treatments do not fully address gait and balance difficulties and as a result, non-pharmacological options are a necessity (Bloem, Grimbergen, Cramer, Willemsen, & Zwinderman, 2001; Hackney & Earhart, 2010; Heiberger et al., 2011) .
Recent research has noted dance as being a beneficial activity for people with Parkinson's (Earhart, 2009; Hackney & Earhart, 2010; Houston & McGill, 2013) . Heiberger et al. (2011) suggest that dance as a physical activity comprises elements that may help to improve rhythmic motor coordination and balance. However, there is insufficient evidence to support this argument as studies in the field have not gone so far as to measure exactly which elements of a dance class elicit change in these variables (McGill, Houston, & Lee, 2018) In the first study that looked at ballet for people with Parkinson's, Houston and McGill (2013) qualitatively observed that weekly sessions helped to improve the fluency of movement. Actions that encouraged isolation of the upper from the lower body appeared to improve trunk rotation. However, this study did not have a control group and was only of short duration (12 weeks). Ballet places a strong emphasis on whole-body coordination and engagement of postural muscles to maintain proper alignment, possibly more so than other physical activities. Actions such as port de bras (movement of the arms and upper body through various ballet-specific positions) and use of épaulement (a rotation in the upper body bringing one shoulder more forward) encourage rotation of the torso in a coordinated and integrated fashion. This emphasis on axial rotation engages the core muscles, both anteriorly and posteriorly, and has the potential to improve range of motion. This is particularly important for people with Parkinson's who suffer from rigidity in the torso as an inability to rotate properly can impact upon stability and coordination during gait (Huang, Meijer, & Lin et al., 2010; Stokes, Andersson, & Forssberg, 1989) .
In healthy gait patterns, the pelvis moves into a forward rotation on the side of the swinging leg and an opposite rotation happens near the end of the stance phase. This pelvic motion can be counterbalanced, either by counter-rotating the thorax or by swinging an arm (Crosbie, Vachalathiti, & Smith, 1997; Stokes et al., 1989) . Stokes et al. (1989) suggested that this antiphase pattern in the trunk helps to reduce the rotational momentum of the body and furthermore, may help to achieve a smoother gait pattern. Murray, Sepic, Gardner, and Downs (1978) observed that at self-selected speeds, people with Parkinson's moved the pelvis and thorax in the transversal plane more in-phase as compared with control subjects. More recent research suggests this in-phase pattern may be due to rigidity in the trunk. For instance, Huang et al. (2010) state that to account for a lack of rotation in the trunk, people with Parkinson's may subsequently move slower, take smaller steps or adapt pelvic-thorax coordination patterns.
As rigidity resulting in reduced range of motion is a cardinal symptom of Parkinson's and may be hindering trunk coordination, there is a need to look more closely at changes to these variables in the context of gait analysis. Reduced range of motion in the trunk may also be connected to poor posture, difficulties with turning, as well as decreased step and stride length.
Previous studies that focused on the benefits of dance for this population often included gait parameters in their methods (Duncan & Earhart, 2012; Hackney & Earhart, 2010; Marchant, Sylvester, & Earhart, 2010) . Common gait measures include the 6-min walk test (6MWT), the Timed Up and Go test (TUG), and biomechanical measures that assess walking velocity. However, these measures only assess how quickly a participant can cover a certain distance over a period of time. The quality of walking and other gait parameters are equally important. More recent studies have attempted to address this issue by including such variables as step and stride length and time spent in stance and swing phase (Marchant et al., 2010) . However, there is still a lack of research that looks at changes to trunk coordination as a result of participation in dance.
The present study aims to understand the potential benefits of weekly ballet sessions on trunk coordination and range of motion during gait for people with Parkinson's. The authors hypothesize that the ballet sessions will elicit improvement in both trunk coordination and range of motion for this group of people.
Materials and methods

Project design & protocol
The present study focuses on one aspect of a wider longitudinal study that took place across a 3-year time period. The wider study aimed to understand the physical, mental, emotional, and social benefits of a weekly ballet class for people living with Parkinson's (Houston & McGill, 2015) . The present article describes the assessment and results from gait measures of trunk coordination and trunk range of motion.
The research team was asked to evaluate and assess potential benefits of an already existing class for people with Parkinson's and as such this research follows a non-randomized, controlled, project evaluation design. With regards to the specific protocol, the ballet classes took place every Saturday afternoon at the hosting ballet company's studios and lasted for 1.5 h each week. Further information about class content is discussed below. The classes had been occurring for approximately 2 years prior to the start of the research project with new people joining at various points before and during the project. The classes, which are still ongoing, take place in 10-12 week blocks across school term times. Quantitative data was collected at the beginning of autumn term in September 2012, and then subsequently after each dancing term until July 2014. There were a total of seven data collections across this time period. All participants had joined the ballet classes and research project by July 2013 and thus to include the maximum amount of participants, 12 months was the longest duration possible for quantitative data analysis.
Data for trunk coordination and range of motion was analysed across the short term (3-5 months) and across a longer term (10-12 months). The researchers wanted to understand whether any potential changes in the short term (after one term of dancing) would carry forward to the long-term analysis. Furthermore, it is possible that changes to trunk coordination and range of motion could occur in the longer term even if not seen in the short term. An analysis map was created to outline when participants had attended a testing session and what measurements they were able to carry out at that testing session. Based on this information short-term and long-term analysis time points were decided on for each individual across the duration of the project. While the exact time points may vary depending on the individual, all short-term analysis represented the equivalent of one term of dancing for a particular individual and all long-term analysis represented one year of dancing for a particular individual.
Participants
Participants in the dancing group were recruited from an on-going "dance for Parkinson's" class. Control participants were recruited from local Parkinson's support groups and also through relationships with members of the dancing group. It was not ethically appropriate to ask participants to stop other forms of physical activity across the duration of the study. As such participants were asked to carry on with their normal activities. Participants in the control group were simply asked to not partake in dance-related activity across the duration of the study (McGill et al., 2018) .
A total of 19 people diagnosed with Parkinson's who were dancing once a week volunteered to take part in the research. A total of 13 control participants who were not involved in any dance classes volunteered to form the control group. All participants completed a health and information sheet at each testing session that asked about any changes to medications, recent falls, and any other medical conditions (McGill et al., 2018) .
At each testing point, participants reported on any other physical activities they were taking part in and how often these were carried out. Almost all participants, in both dancing and control groups, were involved in other physical activities on a weekly or monthly basis. Some examples of activities include golfing, swimming, Pilates, yoga, Tai Chi, Physiotherapy, attending the gym, racket ball, rowing, and exercise/aerobic-based classes. It could be argued that the only way to account for contextual factors such as physical activity outside of the intervention is to look at changes and experiences on a case-by-case basis. Case studies were completed for the wider longitudinal project. As both dancing and control groups were asked to carry on with their normal activities, the only difference between the two groups was the dancing itself.
Attendance for both the ballet classes and the testing sessions was recorded throughout the duration of the research project. Attendance over the course of a term ranged from 25 to 48 people at any ballet class. There was very little evidence of people dropping out of the programme completely and thus adherence was extremely high. While the majority of participants attended over 50% of the ballet classes provided across the time that they were analysed for the study, there were some exceptions to this finding. Reasons for absences included family commitments, illness, hospital appointments, and public transportation problems.
Ethical clearance was gained through the Ethics Committee at the authors' affiliating University, and all participants completed a consent form outlining details of the project prior to the baseline measurement. Inclusion criteria set at the beginning of the study meant that all participants had to be over 55 years of age, show no signs of dementia (as assessed via the Mini-Mental State Exam (MMSE)), be able to walk, or attempt to walk independently with no walking aid, have no back injury or have had recent surgery on the back, and not have gone through Deep Brain Stimulation surgery. If participants met the inclusion criteria above, they were able to participate despite their stage of Parkinson's. It was not ethically appropriate to ask participants to alter their medication schedule to fit our testing sessions. As such, participants were tested at various levels of their daily condition. All dance participants had been dancing prior to a baseline measurement for at least one term (or 3 months). The majority of participants had been taking part in dance classes for one year or more prior to their baseline measurement (McGill et al., 2018) . Participant characteristics are outlined in Table 1 .
The dance classes
The weekly classes were choreographed and taught by dance artists in the hosting ballet company's outreach department. As the researchers were observing an on-going dance for Parkinson's class, they were not able to influence the content of the class, frequency of the classes, or the intensity of the exercises. The researchers were working alongside an arts organisation that had already set out these parameters prior to the onset of the research study. Thus, our aim was to simply observe and measure the effects of a set weekly ballet class on trunk coordination and range of motion during gait for this group of people (McGill et al., 2018) .
The programme uses the current company repertory as a basis for the content each term and the material is tailored to the participants. The first half of the class began seated and then progressed to standing and travelling work. Table 2 outlines a more detailed description of the class (McGill et al., 2018) .
Data collection
Two inertial sensors were placed on the upper and lower spine (T1 and S2, respectively) and secured with double-sided tape. The inertial sensors wirelessly sent information to a receiving box attached to a computer. Angular displacement was gathered at a rate of 180 Hz (Esser, Dawes, Collett, Feltham, & Howells, 2011) . Angular displacement data in the transverse plane was not only used to understand the coordination patterns between the pelvis and thorax but also provided insight into a range of motion in the upper and lower trunk.
Participants were asked to walk from one side of the room to the other (a distance of 10 m) at a self-selected, natural walking speed. Data was only recorded in one direction to avoid acceleration signals switching from positive to negative values and thus participants stopped after the 10 m walk, data was saved, and the researcher and participant walked back to the same starting point to complete the rest of the trials. Each participant carried out three trials in total at each testing point (McGill et al., 2018) .
Data analysis
For each of the three separate trials per participant, per testing session, five stride cycles were analysed from the middle of the data set with the first and last cycles avoided where possible. Prior to determining the five cycles for analysis, the vertical acceleration data was resampled using a 5th order low pass Butterworth filter in Matlab. The cycles were determined by using the vertical acceleration signals to locate heel strikes (Evans, Duncan, & Gilchrist, 1991) . Where a participant had only completed two trials, a missing data value of 999 was placed in the analysis spread sheet and the two trials were considered for full analysis (McGill et al., 2018) Cross-correlation has been used to study the coordination between movements of different parts of the body (Crosbie, 
Class Exercise Content
Seated Warm up Often included stretches of the torso in all directions with arms reaching overhead or out into the space. A focus on use of breath, posture, and weight distribution in the chair helped participants prepare for the work ahead. Participants would flex and extend the spine in an effort to find a balanced posture with both sitting bones equally weighted into the chair and a sense of floating in the upper body.
Seated Port de bras
The main emphasis was on movement of the arms and upper body with exercises that worked through basic ballet positions (1st-5th positions of the arms as well as 1st, 2nd, and 3rd arabesque lines with use of épaulement). Participants were encouraged to engage/activate the muscles in the back of the body to hold the arms and use their eye focus. Rotation of the torso was often encouraged here.
Seated Tendu, Battement and Rond de Jambe
These exercises emphasised movement of the lower body. Participants would stretch and bend the knees, point and flex the feet, and rotate in the hip joints. Legs were often kept low to the floor or just level to the knee and verbal cues encouraged participants to maintain a strong posture and core.
Seated Rhythmic Exercises
These exercises included taps, claps, stamps, and marches in an effort to challenge coordination and wake up the body and mind. Participants would follow the instructor as she gave instructions challenging their reaction time and concentration.
Seated Story Exercises
Incorporating many of the movement ideas above, these exercises aimed to set a scene and tell a story. Contrasting movement qualities (i.e. soft, sharp, slow, quick, heavy, light, etc.) and gestures were used to communicate different ideas and emotions. Use of expression and intention helped participants to communicate stories and embody various characters and themes.
Vocal Warm up
The musicians and dance artists worked together to introduce various vocal warm ups (i.e. singing vowels or chants that were relevant to the class theme). Awareness was drawn to how the rest of the body must support the vocal chords when expressing through sound. The voice provided another avenue of expression and intention alongside engagement of the body in stillness and in motion.
Standing Pliés at the Ballet Barre
While standing in various positions (i.e. parallel, 1st position in the feet, or 2nd position in the feet), participants would bend and stretch the knees placing the weight of the body equally across both feet. Verbal cues encouraged proper technique whereby the line of the knees should fall in line with the feet and an upright posture should be maintained with a sense of grounding into the floor.
Standing Tendues at the Ballet Barre
While standing in various positions (i.e. parallel or 1st position in the feet) participants would transfer their weight to one foot while the other leg would extend either front, side or back with the foot pointed. The leg would then draw back in placing equal weight on both legs and feet. This action would be repeated in different directions and on both legs.
Centre Walking
Participants would walk in different situations and environments. Sometimes they would walk/march around the room in no particular formation having to navigate their way through the crowd of dancers and negotiate the space around them. Other exercises encouraged participants to walk in formations or alongside a partner from one side of the room to the other with a sense of purpose and intent.
Performance Sequence
Basic ballet positions in the upper and lower body that were introduced in the seated exercises are revisited and strung together to create a small dance sequence. While the participants are walking/marching/moving in different directions and with different qualities, they are expressing and moving through ballet positions in the upper body. The sequence brings all of the elements of class together including stillness, motion, posture, breath, voice, and expression.
Mirroring
The dance artists often provide a movement idea or concept from class that participants can base their movement on. In partners one person begins to move and improvise while the other partner mirrors their actions. Halfway through the exercise they switch roles and the other partner leads the improvised movement.
Nelson-Wong, Howarth, Winter, & Callaghan, 2009; Shum, Crosbie, & Lee, 2007) . This method studies the correlation between two different signals at different time lags. The correlation coefficient (otherwise known as the "r" value) measures how similar or opposing the two signals are at a given time lag. At zero lags a coefficient value closer to 1 shows that the two signals are more in-phase whereas a coefficient value closer to −1 shows that the two signals are moving in a more anti-phase pattern. The coefficient values and their respective time lags are therefore a useful tool for measuring coordination patterns between two parts of the body in motion.
The cross-correlation coefficient was determined using Matlab (Mathworks, 2015) . The time lag between the pelvis and trunk motion was determined as the percentage of gait cycle. When the two signals have a strong positive correlation at a point closer to 0%, the coordination pattern can be classified as more in-phase.
The maximum and minimum angular displacements, and the range of motion for each stride were determined (maximum values represented the movement of the pelvis/thorax in one direction and the minimum values represented movement in the opposing direction).
Statistical analysis
Normality tests (the Kolmogorov-Smirnov (K-S) test and Shapiro-Wilk test) showed that the data sets did not have normal distributions and thus non-parametric statistics were applied. For all variables, the Friedman test was used to calculate changes across time in both dancing and control groups. Mann Whitney U tests were used to calculate differences between groups at each of the three-time points (baseline, short term, and long term). A Spearman Rank Correlation assessed the relationship between trunk coordination and range of motion in the pelvic and thorax. All statistical tests were carried out in SPSS with a significance level set at p < 0.01. Figure 1 demonstrates an example of a motion-time curve from the present study. In this example the two motion signals do not appear to completely oppose one another but rather are coordinating in a more in-phase pattern. Figure 2 presents the changes in pelvic ROM across time for both dancing and control groups. The dancing and control groups did not evidence any significant change across the duration of the study with respect to pelvic ROM (p = 0.105 and p = 0.273, respectively). There were also no significant differences between groups with respect to ROM in the pelvis (baseline (p = 0.933), short term (p = 0.32), long term (p = 0.355)). Figure 3 presents the change in thoracic ROM across time for both dancing and control groups. There were no significant changes across time with respect to thoracic ROM for either the dancing or control group (p = 0.92 and p = 0.15, respectively). There were also no significant differences between groups at various time points (baseline (p = 0.117), short term (p = 0.122), long term (p = 0.15)).
Results
Initial analysis of motion-time curves
Pelvic range of motion (ROM)
Thoracic range of motion (ROM)
Coordination of movements in the upper and lower trunk
Figure 4 presents changes in coordination coefficients across time for both dancing and control groups. The dancing and control groups did not show any significant change across the duration of the study with respect to similarity of movements in the upper and lower trunk (p = 0.368 for both groups). There were also no significant differences between groups across all testing points with regards to this similarity index (baseline (p = 0.368), short term (p = 0.822), long term (p = 0.837)). These results indicate that the degree of similarity between movements in the upper and lower trunk did not significantly change across the study. Figure 5 presents changes in time lag across time for both dancing and control groups. There were no significant changes in gait cycle lag across the duration of the study for the dancing group (p = 0.779) or the control group (p = 0.122). There were also no significant differences between groups across all testing points (baseline (p = 0.611), short term (p = 0.138), long term (p = 0.837)).
As the degree of similarity and gait cycle lag did not significantly change across the study, these results indicate that coordination patterns in the trunk did not significantly change as a result of the weekly ballet classes.
Correlations between trunk coordination and range of motion
There was a significant negative relationship between changes in gait cycle lag and thoracic range of motion in the short term (r = −0.489, p = 0.007). There were no other significant correlations in the short term. There were also no significant correlations between measures of trunk coordination and range of motion in the long term.
Discussion
This study assessed changes in trunk coordination and range of motion during gait for people with Parkinson's after 12 months of weekly ballet sessions. Research has shown that healthy gait patterns show an opposing, anti-phase coordination pattern in the trunk while pathological gait has shown trends towards a more in-phase pattern (Murray et al., 1978; Van Emmerik & Wagenaar, 1996; Wagenaar & Van Emmerik, 1994 ).
The present study found no significant change across time and no significant differences between groups with respect to trunk coordination and range of motion during gait. Analysis of the time lag data demonstrated that the correlation values were strongest for both groups at less than 10% of the gait cycle. This suggests that subjects in both groups were walking with the trunk almost in phase, that is, the trunk and pelvis were moving together due to the rigidity of the trunk.
With regards to correlations between measures of trunk coordination and range of motion during gait, a significant negative correlation was found between the time lag and range of motion in the thorax during gait. However, this negative relationship was weak (r = −0.4) and not seen in the long-term results. This implies people with better trunk mobility will walk with more in-phase pattern, but such correlation may need to be further established in further research, and the physiological implication is unclear.
Recent research has shown that changes in coordination patterns can occur as a result of walking speed. Van Emmerick et al. (1999) observed a change in thorax-pelvis coordination as a function of walking velocity in healthy subjects. As walking velocity increased, pelvis-thorax coordination shifted from more or less in-phase to more anti-phase. As people with Parkinson's often demonstrate a decreased walking velocity, it could be that the participants' self-selected walking speeds were too slow to assume the anti-phase coordination patterns. However, participants may be walking slowly to account for increased axial rigidity (Van Emmerick et al., 1999) . Further investigation is needed to better understand the relationship between axial rigidity, a reduced walking speed, and trunk coordination during gait for people with Parkinson's.
Previous dance from Parkinson's research and experience in the field suggests that class participants, as well as observers often note a distinct change in the fluency and coordination of participants' gait (Hackney & Earhart, 2009; Marchant et al., 2010) . Given the nature of these observations, the lack of significant change in the present study may seem contradictory. However, the present study used different parameters (cross-correlation) to assess coordination and we looked at trunk coordination in particular, rather than arm and leg coordination. Additionally, when walking during a dance class the participants were often moving to a strong, steady pulse provided by the musical accompaniment. The music along with the verbal cues from instructors, which were not present during the testing sessions, might influence how participants walk in the dance class (Thaut et al., 1996) .
Participants took part in once-weekly ballet classes across the duration of the study. Previous studies in the field have generally had a dance class frequency of at least 2-3 classes per week with some studies looking at more intensive dance training 3-5 times a week (Duncan & Earhart, 2012; Hackney & Earhart, 2009; Hackney et al., 2007; Marchant et al., 2010) . The present study found no significant improvements for trunk coordination and range of motion during gait after 12 months of weekly ballet sessions. It is unknown what the results would be if the dance class frequency was increased and thus further investigation is needed (Lopopolo, Greco, & Sullivan et al., 2006; Power & Clifford, 2013) . In addition, many participants in the present study had been participating in ballet classes for at least one year prior to engagement in this study. It is unclear whether this would have influenced the outcome of this study.
The ballet class incorporated the practice of many functional movements including rotation in the trunk and walking with verbal cues encouraging participants to stride out. While research suggests that these functional movements are useful tools in the rehabilitation for people with Parkinson's (Goodwin, Richards, Taylor, Taylor, & Campbell, 2008; Keus, Bloem, Hendriks, BrederoCohen, & Munneke, 2007; Tomlinson, Patel, & Meek et al., 2012) , it is possible that the participants were not carrying out these movements often enough and with an appropriate amount of overload to induce the physical changes.
Limitations
Due to the nature of the project and the fact that the dance classes were taking place alongside the research and not as a result of the study, the researchers were not able to influence the content or frequency of the sessions. As discussed above, it is possible that the participants were not carrying out functional movements often enough to induce physical changes in trunk coordination and range of motion. Furthermore, it was not possible to randomise participants as the dancing group were already involved in the dance sessions at the onset of the research study. As a result, those taking part in the dance classes chose to do this and clearly had an interest in taking part in dancing. However, both the control and dancing groups included people at various stages of Parkinson's with a wide range of symptoms. Though randomisation was not possible, participant characteristics between groups were not statistically different and the dancing participants' interest in taking part was the only apparent difference between the two groups.
Participants were not blinded to our research study and understood the aims and objectives. Furthermore, the researchers took part in the classes to gather rich data about participant experiences and thus were not blinded with regards to which participants were in each group. However, biomechanical measures of gait are not subjective and thus the main results described in the above study were likely not influenced by the non-blinded design. With regards to subjective measurements within the wider longitudinal study, participants were encouraged to speak/write honestly and openly about their experiences whether there appeared to be physical benefit from the dance classes or not.
While sample sizes were relatively small, the nature of the study must be taken into consideration. A single dance class generally holds no more than 30 individuals in any setting. Considering the dance artists were working with a group of people with Parkinson's who need movements to be tailored to their individual abilities and often require assistance with these actions, the dance artists were teaching a reasonable amount of people and maintaining strong health and safety guidelines.
Conclusion
The results from the present study demonstrate no significant changes in trunk coordination and range of motion during gait after 12 months of weekly ballet classes for a group of people with Parkinson's. While the ballet classes incorporated practice of functional movements that have shown to be useful in other rehabilitation programmes for this group of people, it is possible that the movements were not carried out often enough and with the appropriate amount of overload to elicit any potential positive change. It is possible that verbal cues from the instructors and the musical accompaniment may be helping participants to walk more fluently and with improved coordination during the ballet classes. However, further investigation is needed to understand how these changes can benefit people with Parkinson's in the longer term and outside of the dance context.
Future research should continue to assess potential changes in trunk coordination with increased ballet class frequency, and the impact these changes may have on activities of daily living. Furthermore, there is a need to understand the mechanisms of change with regards to ballet for people with Parkinson's and if/how specific movements are impacting upon functional mobility.
